and bioactive inhibin were determined. Testicular histology was studed in Paraplastembedded tissue stained with PAS and haematoxylin\p=n-\eosin.Glycerol treatment caused a dose-dependent ablation of spermatogenesis in a distinct area around the site of injection. Serum concentrations of FSH increased proportionally with increasing spermatogenic damage while serum LH and testosterone remained unaltered except with the highest glycerol dose. The rise in serum FSH was significantly correlated with serum (r = \m=-\0\m=.\70,P < 0\m=.\001) and testicular (r = \m=-\0\m=.\66, P < 0\m=.\001) concentrations of inhibin. A less pronounced correlation was found between LH and serum inhibin (r
Introduction
The synthesis and release of pituitary hormones is under the feedback control of gonadal hormones. While it is well established that testosterone is the feedback hormone for LH in the male, the testicular control of FSH secretion appears to be mediated by testosterone and a semini-*Reprint requests to: Professor Dr E. Nieschlag. ferous tubule factor, inhibin. Both testosterone and gonadal extracts containing inhibin activity have been shown to suppress serum concentrations of FSH (see de Kretser et al, 1983 , for review). To date, however, the relative importance of testosterone and inhibin in the feedback control of FSH in the male rat remains unclear. Testosterone has been shown to suppress serum FSH in the intact and castrated male rat (Swerdloff & Walsh, 1973; Steiner et al, 1982) . Disruption of sperma¬ togenesis by X-irradiation, treatment with a-chlorohydrin, heat, ligation of the efferent ducts or experimentally induced vitamin A deficiency has been associated with selective elevation of serum FSH values in spite of unaltered serum concentrations of LH and testosterone (Baine & Keene, 1975; Morris & Jackson, 1978; Collins et al, 1978; Huang et al, 1984) , while significant elevation of both LH and FSH following induction of severe testicular damage has been observed (Rich et al, 1979) . Under the conditions of selective elevation of serum FSH concentrations it would appear that the normal serum values of testosterone do not prevent the rise in FSH concentration suggest¬ ing that reduction in the production and/or secretion of inhibin caused elevation of FSH. The inhibin concept of FSH feedback regulation has received much support since the isolation and characterization of the inhibin molecule (Mason et al, 1985; Robertson et al, 1985) .
In the present investigation, the intratesticular injection of glycerol was used as the experimen¬ tal approach for studying FSH feedback regulation by the testis. After injection of glycerol, 3 morphologically distinct types of seminiferous tubules are present within the same testis, i.e. tubules with normal spermatogenesis, tubules containing spermatogonia and Sertoli cells only, and tubules devoid of all cellular elements (Weinbauer et al, 1985) . The proportions of the morphologi¬ cal types of seminiferous tubules within the testis depend on the dose of glycerol injected and serum FSH concentrations quantitatively reflect the extent of spermatogenic inhibition (Weinbauer et al, 1987) . Therefore, in the present investigation, the gonadotrophic response to the intratesticular injection of glycerol, which induces spermatogenic ablation in a dose-dependent manner, was correlated with the serum concentrations of testosterone and inhibin and the testicular levels of testosterone and inhibin in the presence and absence of constant serum values of testosterone provided by Silastic implants.
Material and Methods
Adult, male Sprague-Dawley rats (300-350 g) were purchased from the Central Institute for Laboratory Animal Breeding (Hannover, West Germany) and housed 2-3/cage under controlled environmental conditions with free access to pelleted food and tap water.
Experimental design. The preparation and intratesticular injection of the glycerol solution (7:3 in distilled water, v/v) was performed as previously described (Weinbauer et al, 1985) . Glycerol (87% pure) was obtained from Merck (Darmstadt, West Germany; No. 4091 (Schürmeyer et al, 1983) . The minimal detectable concentration was 0-23 ng/ml and the intra-and interassay coefficients of variation were 7-3% and 13-8%, respectively. LH and FSH were measured by doubleantibody radioimmunoassays using reagents kindly provided by NIADDK (Bethesda, MD, USA). The reagents used were LH-I-6 and FSH-I-6 as tracer, LH-RP-1 and FSH-RP-2 as standard and anti-rLH-S-9 and anti-FSH-I-11 antisera. The limits of detection were 0156ng LH/tube and 0-312 ng FSH/tube. For each hormone all samples were analysed in a single assay and the intra-assay coefficient of variation was 6% for LH and 4% for FSH.
Inhibin was measured in a double-antibody radioimmunoassay system validated for male rat serum by Robertson et al., (1988) . Briefly, purified bovine inhibin of MT 31 000 was used as tracer. A rat ovarian extract served as inhibin standard. The inhibin unitage of this standard preparation (JU3) was based on its in-vitro bioactivity. The antiserum (As# 1989) against the Mr 31 000 inhibin was raised in a rabbit. Cross-reactivity with bovine activin-A, bovine aand ß-subunit of Mr 31 000 inhibin, bovine MIS, human TGF-ß and human and rat gonadotrophin was <0-5% (Robertson et al, 1988) . The assay sensitivity was 0-1 U/ml. All samples were analysed in a single assay. The intra-assay variation was 4-3%.
Testicular testosterone and inhibin. Testes were homogenized in 1 ml/g of 0-1 M-phosphate-buffered saline (pH 7-4) and centrifuged at 100 000 g for 60 min at 4°C. Then 100 µ of the supernatant were extracted with ether and the extract was analysed for testosterone as described above. Before determination of inhibin activity, the supernatants were treated with charcoal (1%, Norit A) for 30 min at 4°C and then centrifuged at 2500g. Inhibin activity in the supernatant was measured in the in-vitro-bioassay system described by 
Testicular histology
The histological appearance of testes injected with 25^100 µ glycerol was similar to that reported previously using an identical treatment regimen (Weinbauer et al, 1987) . At all doses of glycerol seminiferous tubules with normal spermatogenesis, tubules containing only spermato¬ gonia and Sertoli cells, and tubules devoid of any cellular elements were present. Seminiferous tubule morphology of rats receiving a testosterone implant was, in qualitative terms, indistinguish¬ able from the corresponding treatment groups.
Serum hormones
The hormone concentrations are depicted in Fig. 1 . No significant differences in serum concen¬ trations of LH and testosterone were found between untreated rats and rats injected with 25 or 100 µ glycerol, while in rats treated with 400 µ glycerol, LH concentrations were grossly elevated and concentrations of testosterone were markedly reduced (P < 001). Exogenous testosterone significantly reduced LH concentrations when compared to untreated rats (P < 005) and blocked the LH rise in the group treated with 400 µ glycerol. Serum concentrations of testosterone among testosterone-treated groups were lower in the 25 and 400 µ groups relative to the testosteroneimplanted controls but not statistically different from the untreated control group.
Serum concentrations of FSH were 28%, 45% and 326% higher in groups injected with 25 µ , 100 µ and 400 µ glycerol, respectively, when compared to the untreated control group (P < 0005). Concentrations of FSH with the highest dose of glycerol reached the range of values found in castrated rats (24-46 ng/ml; Weinbauer et al, 1987) . The testosterone implants prevented this rise of FSH but had no significant suppressive effect on concentrations of FSH when compared to untreated rats.
Serum concentration of inhibin in the control group was 3-61 + 0-20 U/ml. Inhibin levels declined to 90%, 75% and 43% with 25 µ , 100 µ ( < 0-05) and 400 µ ( < 001) of glycerol, (Steinberger & Steinberger, 1976; LeGac & de Kretser, 1982) and in-vivo experiments (de Jong & Sharpe, 1977; Au et al, 1984 Au et al, , 1986 . Peripheral concentrations of immunoreactive inhibin were reduced by 10%, 25% and 57%, respectively, with increasing doses of glycerol. Decreased testicular activity of inhibin was therefore associated with a reduction in serum inhibin levels, suggesting that peripheral concentrations of inhibin do reflect the intra¬ testicular levels of inhibin. De Kretser et al (1987) have reported that cryptorchidisminduced decrease of testicular inhibin levels was associated with a drop in circulating inhibin concentrations.
In the present study the testicular inhibin activity was reduced to a greater extent than were the serum inhibin concentrations. This difference could be due to the completely different assay systems used to measure testicular and serum inhibin values and may reflect the presence of inhibin mole¬ cules with different biological and immunological activities (Robertson et al, 1988) . The gradual glycerol-induced decreases in inhibin activity in the present study were accompanied by serum FSH increments of 28%, 45% and 326%, respectively, above control. These findings suggest a role of testicular and peripheral inhibin in the feedback regulation by inhibin (Main et al, 1978; Baker et al, 1981; Tsonis & Sharpe, 1986) . Our observations are in agreement with those of Au et al. (1983, 1987) (Swerdloff & Walsh, 1973; Decker et al, 1981; Conne et al, 1982; Steiner et al, 1982) . A similar observation was made in the present investigation in that low to normal serum testosterone values provided by Silastic implants completely blocked the elevation of serum FSH after injection of glycerol. The same mode of administration of testosterone also blocked the rise of FSH induced by heat treat¬ ment of the testis (Aafjes et al, 1978 (Bartlett et al, 1986; Jackson et al, 1986; O'Leary et al, 1986 (Au et al, 1983 ) the fall in testosterone results in FSH levels reaching the castrate range ).
The Silastic implants containing testosterone provide constant testosterone concentrations compared to the pulsatile secretion of testosterone in the normal rat (Steiner et al, 1982) . There¬ fore, the suppressive effects of testosterone implants on FSH observed in the present study, and by others, may not reflect the physiological situation as previously reported for LH (Damassa et al, 1976 (Au et al, 1985) whilst testicular inhibin production appeared testosterone-dependent. Production of inhibin by the testis, however, was not determined in the present investigation. FSH has been shown to stimulate inhibin secretion from cultured Sertoli cells (LeGac & de Kretser, 1982) and in hypophysectomized rats (Steinberger, 1981; Au et al, 1985) . In the present investigation, in rats without a testosterone implant, the decreasing testicular inhibin activity paralleled the rise of serum FSH in the presence of similar intratesticular testosterone concentrations (see Fig. 1 ). It would therefore appear that FSH and/or testosterone did not stimulate inhibin in the glycerol-injected testis although 40-95% of seminiferous tubules still contained Sertoli cells as inferred from our previous study (Weinbauer et al, 1987) . This finding, at least in part, may be explained by the partial disappearance of Sertoli cells in these testes. However, a further decrease in testicular inhibin production in the presence of similarly elevated serum FSH concentrations 1 and 2 weeks after heat treatment of the testis has also been found by others (Au et al, 1987) . This observation could indicate that the activity and/or production of inhibin in the seminiferous tubules is also influenced by the status of the germinal epithelium rather than by FSH alone.
In summary, the present investigations suggest that the dissociation of FSH feedback from that of LH may be predominantly related to inhibin. Our findings also indicate that testicular inhibin activity could partly be under local control of the testis.
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